Impurities in Nitrous Oxide
[Abridged] Dr A T Austin and Dr M L Kain1 (Department ofOrganic Chemistry, University ofLeeds) Impurities in Nitrous Oxide: Chemical AspeCtS2
Nitric oxide is the most likely toxic contaminant in nitrous oxide antsthetic gas. This compound together with nitrogen dioxide is formed in side reactions during the thermal decomposition of ammonium nitratethe universally used method of producing nitrous oxide commercially; it is, however, removed from the gas mixture much less readily than nitrogen dioxide. The amount of these two contaminants increases sharply when the temperature of the thermal decomposition exceeds 280-290'C and, in circumstances of serious overheating, the greatly increased flow of gas and its increased degree of contamination could result in partial or total failure of the purification system. An insidiously dangerous situation obtains when a cylinder of nitrous oxide for anesthetic use is contaminated with nitric oxide. This compound is some thirty times more volatile than nitrous oxide at room temperature and a contaminated cylinder distils very unevenly: fractionation occurs on drawing gas from the cylinder and the effluent gas contains a much greater proportion of nitric oxide than the liquid in the cylinder (Austin 1967 ).
The first patients subjected to anaesthesia with nitrous oxide contaminated with nitric oxide would therefore receive most of the nitric oxide impurity. It also means that retrospective analysis of a contaminated cylinder could give a serious underestimate of the original degree of contamination.
'Dr Kain was killed in a motor accident on August 9, 1967 'For a full account see Brit. J. An&esth. 1967, 39, 345, 382 With the less volatile nitrogen dioxide the converse holds and this contaminant tends to concentrate in the liquid in the cylinder.
In the production of nitrous oxide the reaction temperature should, therefore, be most carefully controlled and both gaseous and liquid samples of the purified nitrous oxide analysed, using rigorously tested procedures.
Any nitric oxide in the nitrous oxide would be partially oxidized by the oxygen in an anmsthetic gas circuit to nitrogen dioxide, some of which would combine with itself to give dinitrogen tetroxide, as well as with unoxidized nitric oxide to give dinitrogen trioxide; the gas reaching the lung area would consist of a mixture of nitrous oxide/oxygen/nitric oxide/nitrogen dioxide/dinitrogen trioxide and dinitrogen tetroxide.
Reaction of dinitrogen trioxide and dinitrogen tetroxide with body tissue water would give rise to nitrous and nitric acids causing derangement of acid-base equilibrium. Hemoglobin would be partially converted into methemoglobin resulting in impairment of the oxygen-carrying power of the blood. Oxidation and nitrosation of hydroxylic, amino and sulphydryl containing compounds, e.g. ascorbic acid (vitamin C), lysine and glutamine, and cysteine would result in disruption of normal body processes. The regeneration of nitric oxide in the further reactions of some of these nitrosated compounds would contribute to the production of delayed physiological and pharmacological effects. It is to be noted that deaths after a latent period of one month from initial exposure to higher oxides of nitrogen are on record (Lowry & Schuman 1956) .
A simple test procedure based on the starch/ iodine colour reaction, using commercially available test papers, has been described (Kain et al. 1967 ) and will enable practitioners to test for serious contamination of higher oxides of nitrogen in nitrous oxide.
History ofImpurities in Nitrous Oxide" Davy (1800) recommended preparing nitrous oxide by heating ammonium nitrate to only 204°C; he allowed the gas to stand over water for at least an hour before breathing it. He knew that nitric oxide was evolved at higher temperatures and that this was potentially dangerous.
Andrews (1868) appreciated that success in using oxygen with nitrous oxide was limited by dilution with nitrogen, so he suggested purification by liquefaction. This was soon achieved commercially but it did not solve all the problems of purification. Roberts (1884) , for example, improved commercial gas by letting it stand over water and concluded that it was supplied impure and that chemical tests of purity were unreliable.
Ill effects attributed to the administration of nitrous oxide led Hart & Minshall (1914) to analyse samples of the gas and to review its manufacture, purification and administration, its likely contaminants and their toxic effects. They concluded that: 'Considering the short interval of time that nitrous oxide was inhaled for anwsthesia, the minute amounts of gaseous impurities found in the samples examined were, in general, too small to have any effect on the person.' Nonethe-less they recommended that the gas should contain at least 98 % nitrous oxide, and not more than 10 ppm of nitric oxide.
The concept of anoci-association developed by Crile (1911) at Lakeside Hospital, Cleveland, encouraged more prolonged administration of nitrous oxide. The gas was made on the premises and Warner (1915) reported its variable toxicity. This caused one death and produced a cyanosis which persisted despite oxygenation. He described steps taken to eliminate impurities from gas prepared in the Hospital and commercially.
'For a full account see Brit. J. Anarsth. 1967, 39, 351 A report, by a British antsthetist, of ill effects of administering nitrous oxide to 6 patients, accelerated the formation of the Joint Anmthetics Committee of the Royal Society of Medicine and the Medical Research Council in 1924. Its first report (Hadfield 1926) described persistent cyanosis despite oxygenation, and also three consecutive nitrous oxide anesthetics administered to children which resulted in circulatory collapse. These signs were consistent with the administration of higher oxides of nitrogen, although none was detected at the time.
The Committee recommended that gas should contain at least 95 % nitrous oxide, yet 93 % was allowed by the British Pharmacopoeia in 1932. This was raised to 95% in 1948 and to 99% in 1953. The permissible concentration of nitric oxide remains unspecified.
Professor John Clutton-Brock (Department ofAnasthetics, University ofBristol) ' The Nitrous Oxide Incident' Early in September 1966 three cases of poisoning by higher oxides of nitrogen occurred during aneesthesia with nitrous oxide and oxygen. I was the aneesthetist concerned in two of these cases. Poisoning in each of these two cases was characterized by the onset of cyanosis after a few minutes of inhalation of the nitrous oxide and rapid circulatory collapse with marked hypotension. This was followed some hours later by respiratory difficulty with pulmonary cedema. The first case anmsthetized was, initially, thought to have had a pulmonary embolus. A sample of arterial blood, taken for estimation of oxygen saturation, was noticed to have a distinct brownish colour. This patient, a few days previously, had had a lymphangiogram with a radio-opaque solution containing chlorophyll. It was suggested that the chlorophyll was responsible for the "For a full account see Brit. J. Anasth. 1967, 39, 388 
